Objective: To assess sodium-lithium countertransport (SLC) activity and erythrocyte sodium (ENa) levels in black (Nigerian) hypertensive (HT) patients, normotensive (NT) offspring of hypertensive parents and normotensive offspring of normotensive parents, and to determine if increased SLC activity is related to a familial predisposition to hypertension in black subjects as in Caucasians. Method: The study was done using 60 Nigerian subjects of Edo ethnic origin in three groups of 20 each: (a) untreated new HT patients at the University Teaching Hospital, Benin City; (b) NT children of hypertensive parents (NTHT) traced home and matched for age, sex and body mass index (BMI) with (c) NT children of NT parents (NTNT). SLC activity was measured using a modified method of Canessa et al 1980 and ENa assessed by flame photometry. Results: SLC was markedly higher in both HT patients
Introduction
Abnormalities of the sodium transport system have been implicated in the pathogenesis of essential hypertension. 1 This is because of the role that sodium plays in the control of blood volume and cardiac output and also in the control of vascular tone through sodium-calcium channels, 2 two important determinants of arterial blood pressure. In support of this there have been various descriptions of abnormalities of sodium transport across cell membranes in hypertensive patients. [3] [4] [5] [6] [7] [8] There is now a body of evidence suggesting that sodium-lithium countertransport (SLC) abnormality in erythrocytes is associated with hypertension, as well as a predisposition to its development in Caucasians, 5, [9] [10] [11] [12] that it aggregates in families 9, 13, 14 and that it is strongly influenced by genetic factors. 9, [13] [14] [15] Racial differences have been described in erythrocyte cation transport and it is thought that these changes are either reduced or may not occur in nonwhite persons, especially blacks. [16] [17] [18] However, Oforofuo et al 19 described an increased activity in a small group of Nigerian hypertensive patients but did not exclude the effects of drugs and also did not investigate the normotensive offspring of hypertensive patients. Our preliminary observations support an increase in SLC activity in hypertensive Nigerians. 20 This study was designed to assess SLC activity in the normotensive offspring of hypertensive patients, normotensive offspring of normotensive parents and newly diagnosed Nigerian hypertensive patients. The aim was to document whether abnormalities of SLC are indeed present in black African hypertensive patients and to see if these differences are associated with a familial predisposition to hypertension.
Subjects and methods
Sixty subjects made up of three groups of 20 were recruited for study. They were all of the Edo ethnic stock, a major ethnic group within a geographical state in the southwest of Nigeria. One group consisted of newly diagnosed essential hypertensive patients (HT) who had not commenced any form of anti-hypertensive treatment. They were selected from cases referred to the Cardiology clinic of the University of Benin Teaching Hospital (UBTH).
Hypertension was diagnosed when blood pressure was consistently у160/95 mm Hg on two separate clinic visits. None of the patients investigated had any of the concomitant complications of hypertension, and renal function was normal (serum creatinine р1.2 mg%). The second group of subjects consisted of the normotensive offspring of normotensive parents (NTNT). They were chosen from among those attending the eye clinic at the UBTH for refractive errors whose blood pressure was р140/90 mm Hg and who were not on any drug at the time of study. These patients were followed home to confirm the blood pressure status of their parents. The criteria for their selection were that both parents must be normotensive with a serum creatinine р1.2 mg%. The third group of subjects (NTHT) were the normotensive offspring of hypertensive parents (both parents). Some were chosen from among the offspring of known HT patients attending the clinic, after confirmation that the other parent was also hypertensive. Others were known normotensive members of staff whose parents were verified hypertensive, thus the NTHT subjects were not the direct offspring of the group of HT patients investigated, but they were normotensive offspring of hypertensive patients on their own. Other criteria included normal blood pressure (у140/90 mm Hg), with no previous history of anti-hypertensive therapy and normal renal function (serum creatinine р1.2 mg%). The NTHT and NTNT subjects were matched for age, sex and weight.
Height and weight were measured, and 5 mls of blood was taken for SLC activity and intra-erythrocytic sodium levels.
Determination of SLC activity
The blood obtained was separated by centrifugation at 3000 g with a Gallenkamp centrifuge for 5 min. The plasma was used for the determination of serum creatinine while the buffy coat and upper layer of erythrocytes were discarded.
In determining SLC activity, a method similar to that of Canessa et al 5 with some modification 11 was used, and was carried out within 3 h of sample collection. One millilitre of the packed cell was incubated with 6 ml of 150 mmol/L solution of lithium chloride at pH 7.4 at 37°C for 3 h. The incubation medium was a 150 mM/L lithium chloride solution made up of 6.35 gm lithium chloride (150 mM), 1.8 gm glucose (10 mM) (BDH Chemical AR) and 1.211 gm of Tris methylamine buffer (10 mM) (BDH Chemical, Dorset, UK). These salts were dissolved in a litre beaker to about 800 mls with distilled water and pH adjusted to 7.4 using HCL and a pH meter (model 290 MK2: Pye Unicam, Cambridge, UK). The solution was made up to 1 litre in a volumetric flask.
After incubation, the cells were centrifuged (3000 g for 5 min) and the supernatant discarded. The cells were then washed five times, initially with iso-osmotic magnesium chloride solution and subsequently with choline chloride solution. The initial washing solution was iso-osmotic magnesium chloride solution containing the following: magnesium chloride 7.14 gm (75 mM), 29.16 gm (85 mM) of sucrose (Sigma Chemical, MO, USA) 1.8 gm glucose (10 mM) and 1.211 gm of Tris methylamine (10 mmol/L); while the choline chloride washing solution contained 20.94 gm choline chloride (150 mM), 95.21 gm magnesium chloride (1 mM), 1.8 gm glucose (10 mM) and 1.211 gm of Tris (10 mmol/L). The salts were also dissolved in a litre beaker to about 800 mls with distilled water and pH adjusted to 7.4 using HCL and a pH meter (Pye Unicam model 290 MK2). The solution was made up to 1 litre in a volumetric flask.
After the final wash, an approximate 50% cell suspension of erythrocytes in choline chloride solution was made, 0.5 ml of this was incubated in either 6 mls of sodium-enriched solution or 6 mls of sodium-free solution. The sodium-enriched and sodium-free incubation media were prepared in a similar way as the choline washing solution, excepting that each incubation also contained ouabain (0.1 mM). The sodium-enriched medium had 150 mMol/L (8.8 gm) sodium chloride.
The packed cell volume was subsequently determined by the microhaematocrit method. The mixtures were incubated in a Gallenkamp waterbath at 37°C at 15-, 30-and 60-min of incubation, 1.5 ml aliquot was taken from each solution, centrifuged at 3000 g for 5 min and the supernatant used to estimate the level of effluxed lithium, using a Gallenkamp analyser FGA 330. The lithium level after 1-h incubation was the one used for calculating lithium efflux.
The SLC activity was calculated as the difference between the lithium efflux into the sodium-enriched solution and the sodium-free solution. The result was expressed as mMol lithium per litre red blood cell per hour. Serum creatinine was estimated using the picric acid or Jaffe method.
Determination of intra-erythrocytic sodium
The cells left behind after removal of 1 ml for lithium loading was removed and washed five times with iso-osmotic magnesium chloride. After the final wash, a 50% solution of packed cells was made with the washing solution. The actual packed cell was also determined using the microhaematocrit method. The washed cells were lysed by the addition of de-ionised glass distilled water to make a 1:200 dilution and the erythrocyte sodium was then estimated using a Gallenkamp analyser.
All data were fed into a Personal Computer for statistical analysis using the SPSS PC + TM, Version 4.0 (SPSS Inc, USA [1984 -1990] ). Means were compared using the unpaired Student's t-test for parametric variables and the Mann-Whitney U-test for non-parametric variables among two independent groups; while all group comparisons were made using ANOVA for parametric variables and KruskalWallis one-way ANOVA for non-parametric variables. ANOVA with covariate analysis was used for adjusting for unwanted variables. A P value less than 0.05 was regarded as significant. Table 1 shows the comparison of the variables between the three groups. As there were three groups, we have used ANOVA with covariate analysis. With ANOVA, there was a statistical difference in age due to the older age of the HT group. However, there was no difference between the body mass index (BMI) of any of the groups (P = 0.091) ( Table  2) . The difference in blood pressures (systolic and diastolic) by ANOVA were due to the hypertensive group 3; as the blood pressures of the two normotensive groups did not really differ.
Results
There was a significant difference in SLC activity (P Ͻ 0.0001) and in erythrocyte Na (P Ͻ 0.001) between the groups. As there was a statistically significant difference in the age, and even though there was no difference in BMI (P = 0.091), an adjustment was made for any possible difference in these variables by covariate analysis. The differences in SLC and erythrocyte Na remained significant ( Table 3) . As there is evidence that SLC may not be randomly distributed, we have also used the non-parametric Kruskal-Wallis one-way ANOVA to compare the groups and it was very highly significant (P Ͻ 0.001) (see Table 2 ), as was erythrocyte Na also (P Ͻ 0.001).
A two group analysis using the non-parametric Mann-Whitney U-test and corrected for ties, showed that the SLC activity was markedly higher in the NTHT than the NTNT (mean rank 29.17 vs 11.82, W = 583.5; Z = −4.6976; P Ͻ 0.0001). This difference was mainly due to the lithium efflux into the sodium-enriched medium, as there was no significant difference in the lithium efflux into the sodium-free solution (P Ͼ 0.05). However, the intraerythrocytic sodium was not different (mean rank 20.35 vs 20.65; W = 407.0; Z = −0.0813; P = 0.94). When the NTHT was compared with the HT group, there was no difference in the SLC activity between them (mean rank 19.42 vs 21.58; W = 388.5; Z = −0.5831; P = 0.56), but the intra-erythrocytic sodium was higher in the HT group (mean rank 13.60 vs 27.40; W = 272.4; Z = −3.7364; P Ͻ 00.002). While the means of the SLC activity of the various groups were distinct, Figure 1 shows that there is an overlap between the SLC values showing that there is no discriminating level to distinguish between NT, NTHT and HT.
Discussion
This study demonstrates that there is an increased rate of SLC activity across the red cell membrane in black hypertensive patients, and the normotensive offspring of hypertensive subjects, compared to normotensive offspring of normotensive subjects. There was also an associated increased intra-erythrocytic concentration of sodium in the hypertensive patients.
Although abnormally increased SLC activity has been described by many observers among Caucasians, 4, [10] [11] [12] [13] this increase in activity has not been seen in much of the work in black subjects. [15] [16] [17] Some reports indicate that the increase in SLC activity is either reduced 16 or does not occur in black subjects; 15, 17 suggesting that this mechanism is not important in the pathogenesis of hypertension in black people. This would be surprising because, not only is hypertension more common in black people, their hypertension shows a lower plasma renin activity and greater component of fluid volume excess than in Caucasians;
27 an observation that is believed to reflect larger degrees of one or more of the abnormalities in sodium transport across cell membranes. 22 Our observation in this study corroborates the earlier reports 19, 20 among a smaller group of Nigerian patients that SLC is also increased in hypertensive Nigerian blacks. The levels of SLC activity observed in this study for hypertensives is higher than was observed for blacks in previous studies in the West [16] [17] [18] but is only slightly lower than the values that have generally been obtained for Caucasians. 4, 17 The finding that SLC activity is reasonably comparable to the reported Caucasian levels is in line with a previous report by Woods et al. 13 These authors also confirmed at follow-up 15 that no race differences existed in SLC activity in their series. Recently, Hardman et al 23 also showed that the changes in behaviour of SLC related to hypertension were the same in all ethnic groups using kinetic studies. The maximal rate of turnover (V max ) was altered in the black subjects, being significantly lower than that in Caucasians and Asians studied concurrently. 20 Although we have not carried out kinetic studies, we have shown that in native African blacks (Nigerians) the SLC activity is increased in hypertensive subjects in a pattern similar to reports in Caucasian hypertensive subjects, contrary to earlier reports. [16] [17] [18] The difference in SLC activity observed between hypertensive subjects, children of hypertensive patients and those of normotensive subjects in this study is mainly attributable to the sodiumstimulated transport of lithium, as the efflux into the sodium-free solution which represents leakage was not different among the groups (Table 1) . This was also the case in the study by Canessa 5 among Caucasians and an earlier report among Nigerians. 19 The other studies among black subjects in the West did not provide data on the absolute values of lithium transfer in the various media 17, 18 The higher SLC activity amongst normotensive children of hypertensive parents compared to those of normotensive parents, suggests that the abnormality may have been carried from their hypertensive parents. This finding is consistent with earlier work that has shown that SLC activity is increased in the children of hypertensive patients. 13 This familial nature is thought to be due to genetic factors as many studies, including that of identical twins, show that SLC activity is genetically inherited. 9, 10, 15 The level of lithium efflux was similar in the normotensive offspring of hypertensive parents to that of the already hypertensive group. However, it is worthy of note, that the level of intra-erythrocytic sodium was not elevated in the normotensive offspring of hypertensive parents over that of normotensive offspring of normotensive parents, unlike the case in hypertensive patients. These findings seem to suggest that even though the genetic trait is already fully present, it would take some time for possible environmental influences (probably high salt intake) to manifest, as perhaps hypertension develops. Previous studies also show that intraerythrocytic levels of sodium are higher in hypertensive than normotensive Nigerians. 31, 32 In conclusion, the findings in this study show that SLC activity is elevated in normotensive children of hypetensive subjects to a similar degree as hypertensive patients, and in a pattern reminiscent of that seen in Caucasians. SLC activity may thus be associated with a familial predisposition to hypertension in black subjects in a manner similar to that seen in their Caucasian counterparts.
